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Abstract 

We study Higgs production and decay from TeV scale string balls and black holes in pp collisions 
at y/s = 14 TeV at LHC. We present the results of total cross section of diphotons, invariant mass 
distribution of the diphotons and pT distribution of the diphotons and ZZ pairs from Higgs from 
string balls and black holes at LHC. We find that if string mass scale Mg ~ TeV then the total cross 
section of diphotons from Higgs from string balls is larger than that from standard model Higgs. 
The result is more striking for the case of black holes where the total cross section of diphotons from 
Higgs from black holes is larger than that from standard model Higgs plus background processes. 
We find that the invariant mass distribution of the diphotons from Higgs from string balls and 
black holes is not very sensitive to the increase in diphoton invariant mass. We also find that ^7 
of high pt diphotons and ZZ pairs produced from Higgs from string balls and black holes is larger 
than that from standard model Higgs, and also from diphotons and ZZ pairs produced directly 
from parton fusion processes at LHC. We observe that of diphotons and ZZ pairs from Higgs 
from black holes increases with increase in px, whereas from Higgs from string balls it does not 
decrease sharply with increase in p-p, and from NLO pQCD Higgs it decreases rapidly. Hence 
the measurement of diphotons and ZZ pairs at LHC can be used to distinguish between Higgs 
production from: 1) black holes, 2) string balls and 3) parton fusion processes at CERN LHC. 
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I. INTRODUCTION 



One of the primary goal of the LHC experiment at CERN is to search for Higgs boson 
which is the last missing particle of the standard model of particle physics. Higgs is respon- 
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gravity could be as low as one TeV [lHl9|. In the presence of extra dimensions, the strmg 



mass scale Mg and the Planck mass Mp could be around ~ TeV and we may expect to 
discover exotic physics at LHC such as mini-black holes and TeV scale string balls. Prag- 
matically we can only search for Higgs, extra dimensions, black holes and string balls at 
LHC in whatever mass range and energy range currently available at experiments. While 
detection of Higgs makes the standard model complete, the production of mini-black holes 
will establish the existence of extra dimensions and could possibly provide an experimen- 
tal test of the quantum theory of gravity. Similarly, detection of string balls will provide 
experimental test of string theory for the first time. Hence if Higgs, black holes and string 
balls are discovered at LHC then we will be propelled into the twenty first century, as our 
understanding of quantum gravity and perhaps string theory is revolutionized. Once black 
holes and string balls are produced at LHC they will quickly evaporate to standard model 
particles including Higgs. Hence Higgs boson production from black holes and string balls at 
LHC can play an important role in distinguishing between Higgs from standard model elec- 
troweak physics and from quantum gravity and/or from string theory. For example, if we do 
not find Higgs from standard model processes at LHC but find from the decay of black holes 
and/or string balls then Higgs discovery at LHC may be related to gravity and/or string 



theory rather than to the standard model of electroweak th eory . 



'his may provide a basis to 



investigate Higgs mechanism in string theory and gravity |20|-|27|. Hence Higgs production 
from black holes and string balls at LHC will have important consequences for the physics of 
standard model, beyond standard model, quantum gravity and string theory. In this paper 
we make a detail analysis of the Higgs production from black holes and string balls at LHC 
and make a comparison with the Higgs production from standard model processes. 

Recently, string theory has given convincing microscopic calculation for black hole evap- 



oration 
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29|]. String theory predicts that a black hole has formed at several times the 



Planck scale and any thing smaller will dissolve into some thing known as string ball 



30|. 



A string ball is a highly excited long string which emits massless (and massive) particles at 
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Hagedorn temperature with thermal spectrum 3l|, l32]- For general relativistic description 
of the back hole to be valid, the black hole mass Mbh has to be larger than the Planck 
mass Mp. In string theory the string ball mass Msb is larger than the string mass scale M^. 
Typically 
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where Qs is the string coupling which can be less than 1 for the string perturbation theory 
to be valid. 

Since string ball is lighter than black hole, more string balls are expected to be produced 
at LHC than black holes. The Hagedorn temperature of a string ball is given by 

Ms 



T: 



SB 



(2) 



The Hawking temperature of a black hole is 
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AttRbh 4^/^ '""'Mbh 
where Rbh is the Schwarzschild radius of the black hole, Mbh is the black hole mass and 
n is the number of extra dimensions. Since these temperatures are very high at LHC (~ 
hundreds of GeV) we expect more massive particles (M ~ 3T) to be produced at CERN 
LHC from string balls/black holes. 

The main channel for direct Higgs production at LHC at ^/s = 14 TeV is via parton 



(gluon) fusion processes. 



at LHC is given by SSMSSI] 



'he differential cross section for Higgs production in pp collisions 
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where daab is differential cross section for Higgs production in parton fusion processes. There 
are contributions from WW/ZZ fusion processes to inclusive Higgs production at LHC but 
their contributions will be small, see below, where we also make a comparison with the other 
backgrounds to standard model Higgs production at LHC. 



As discussed in 



36l-l38| there is another mode of Higgs production which is via Hawking's 



radiation o 
studied in 



black holes at LHC. The decay of Higgs which are produced from black holes is 



39| . In this paper we make a detail analysis of Higgs production and decay from 
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string balls at LHC We make a comparison of this with the Higgs production and decay 
from from black holes and with the standard model Higgs. 

It is useful to mention that the Higgs mass is not predicted by the standard model. 
Although indirect electroweak precession data rules out a heavy Higgs of mass Mh='200 
GeV, the exact mass of Higgs remains unknown unless we discover Higgs. Higgs mass up 



to 550 GeV or more will be searched at ATLAS [40] and CMS detectors |41|, |42| at LHC. 
Furthermore a Higgs of mass 200 GeV is allowed in the string ball and/or black hole decay. 
Hence it is desirable to make theoretical predictions at LHC with light Higgs as well as 
heavy Higgs. For this reason we have performed our calculation with light Higgs decaying 
to diphoton and heavy Higgs decaying to ZZ pair. For light Higgs decay we mainly focus 
on diphoton decay channel with Higgs mass Mh = 120 GeV. For the heavy Higgs decay we 
focus on ZZ golden decay channel with Higgs mass Mh = 200 GeV. 

The paper is organized as follows. In section II we briefly describe Higgs production and 
decay from string balls and from black holes at LHC. In section HI we present the results 
and discussions and conclude in section IV. 



II. HIGGS PRODUCTION AND DECAY FROM STRING BALLS VS BLACK 
HOLES AT LHC 

The differential cross section for Higgs with mass M^, momentum p and energy E = 



fp + Mfj from a black hole of temperature Tbh is given by [39] 



(5) 

where Mg is the string mass scale and Qs is the string coupling which is less than 1 for the 
string perturbation theory to be valid, see eq. ([T]). The flow velocity is and 7 is the 
Lorentz boost factor with 

1Vbh = {0,0, — — ). (6) 

ZMbh 



We take the grey body factor (T„ in the geometrical approximation [43 1 
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The partonic level cross section of the black hole can be approximated with the pure geo- 
metrical form a°'^{MBH) ~ '^R%h- The multiplicity factor c„ = 1 for Higgs because there is 
no color or spin degrees of freedom jl^. The decay time of the black hole is given by 39 1 

1 ,M 
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Similarly, the differential cross section for Higgs with mass M^i momentum p and energy 



E = JfP + Mjj from a string ball of temperature Tsb is given by 
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where An is the d{= n + 3) dimensional area factor |44j. |45| . We will use the number of extra 
dimensions n = 6 in our calculation. The partonic level string ball production cross section 
is given by [30 1 
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We have used CTEQ6M PDF [46] in our calculation. 

We consider diphoton and ZZ decay channel of Higgs at LHC when the Higgs is produced 
from string balls and black holes and make a comparison with the diphoton and ZZ produced 
from standard model Higgs and with the direct diphoton and ZZ production from standard 
model processes. The branching ratio of Higgs decay is function of Higgs mass [47] . As the 
temperature of the string ball (black hole) is very large at LHC there is not much difference 
in the Higgs production cross section from string balls (black holes) if the Higgs mass Mh 
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is increased from 100 to 300 GeV. As mentioned above the string coupling Qs should be 
than 1 for the string perturbation theory to be valid, see eq. ([1]). Hence we will use 

2 1 

in our calculation. 
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III. RESULTS AND DISCUSSIONS 



In this section we present the results of Higgs production and decay in pp collisions at ^/s 
= 14 TeV at LHC. For Higgs decay we study invariant mass spectrum of diphoton and pt 
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distribution of diphoton and ZZ pair. We also present the results of diphoton cross section 
from Higgs deacy at LHC 

The details about measurement, resolution and implication for the Hig gs s ignal is 



avalable in ATLAS technical design report on , and o^^ measurements 48|-|50| . In 



the mass range 110 < mu < 140 GeV the Higgs boson is expected to decay into two photons 
with a branching fraction large enough to render the search feasible at LHC [51I]. For this 
reason we present our results of in the diphoton invariant mass range 110 < ikL^ < 140 



GeV. Applied transverse momentum cuts are from ATLAS 48|, |50|]. For CMS transverse 



momentum cuts, see 



51. The ^ o 



measured up to pr ~ 200 GeV, see [48 



diphoton from Higgs at ATLAS is expected to be 



49| . If black holes and Higgs are discovered at LHC 
then there may be upgrade at ATLAS to measure ^ of Higgs up to px ~ TeV. This may 
be the case in the reverse scenario as well. For example, if we do not find Higgs in the 
present experimental set up at ATLAS then there may be upgrade at ATLAS to extend pt 
measurement up to TeV. For this reason we have considered a wide range of px in this paper 



which covers the ATLAS range as given in 
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Standard Model Higgs Production and Backgrounds at LHC 

pp collisions at 14 TeV 
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WW/ZZ Fusion Processes 

■■■■ qq'->HW 

■ - ■ q qbar -> HZ 

NNLO QCD Processes 
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FIG. 1: Total cross section for Higgs production from parton fusion processes using pQCD at 
NNLO and the Higgs production from other standard model processes at LHC. 
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A. Higgs Production at LHC 



In Fig.l we present total Higgs production cross section at LHC from parton fusion 
processes at NNLO using pQCD. We also present the results from WW/ZZ fusion processes 
and other backgrounds to standard model Higgs production at LHC. As can be seen from the 
figure the main contribution is from parton fusion processes at LHC, the gluon fusion process 
being the dominant one. The solid line is for Higgs cross section from QCD reactions using 
parton fusion processes at NNLO by using pQCD [34]. There are contributions from the 
so-called weak boson fusion reactions involving coupling of W and Z bosons to Higgs. In the 
later case a typical parton reaction is qq — i- Hqq where two virtual Z-bosons are exchanged 
between the quarks and Higgs. This is a typical t-channel process. The virtual and W~ 
bosons can also be exchanged. This so called WW/ZZ reaction is not dominate at LHC. 
The dashed line is for the process qq — > Hqq. The dotted line is for the process qq' — )■ HW 
and the dot-dashed line is for the process qq — )■ HZ respectively. The dot-dashed-dashed 
line is for the process gg, qq — )■ Hbb and dot-dot-dashed line is for the process gg, qq — )• Htt 
respectively. All the backgrounds to standard model Higgs production at LHC are taken 

I 

from [47,]. It can be seen that the parton fusion processes (the solid line) gives the dominant 
contribution to the Higgs production at LHC. Hence we will only consider parton fusion 
results when we make comparisons of the total cross section a with the Higgs production 
from string balls and black holes at LHC. 

In Fig. 2 we present the results of ^ of Higgs cross section at LHC from parton fusion 
processes at NLO using pQCD and compare it with WW/ZZ fusion reactions. The solid line 
is from parton fusion processes and the dashed line is from WW/ZZ fusion processes. The 
Pt distributions of Higgs at LHC from WW/ZZ fusion reactions at NLO are taken from 53|. 
It can be seen that WW/ZZ reaction is not the dominate contribution to inclusive Higgs 
production at large px at LHC. Hence we will only consider parton fusion results when we 
make comparisons of ^ with the Higgs production from string balls and black holes at 
LHC. If one identifies the two final state jets and applies pt cuts on them then it is possible 
to enhance the weak boson signal and decrease the QCD signal. However, this now involves 
the study of exclusive processes which is not the subject of this paper. 

In Fig. 3 we present total Higgs production cross section from string balls and compare 
them with the pQCD predictions at NNLO. The former is given by the solid line with string 
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FIG. 2: pt distribution of the Higgs production from parton fusion processes using pQCD at NLO 
and from WW/ZZ fusion processes at NLO at LHC. 



mass scale Mg = 1 TeV. We plot for comparison the NNLO Higgs cross section [3J]. The 
dotted line is for NNLO pQCD Higgs cross section at LHC. It is clear that if string mass 
scale is ~ TeV then the total Higgs cross section from string balls is larger than pQCD cross 
section. 

In Fig.4 we present of Higgs production from string balls at LHC and compare them 
with the pQCD predictions at NLO. The Higgs mass is chosen to be 120 GeV from the 
string balls decay. We plot for comparison the NLO results for of Higgs using pQCD 



35| . The thin-dotted line is the NLO pQCD result with Higgs mass 120 GeV. The dashed 



line is the NLO pQCD result with Higgs mass 160 GeV. The dot-dot-dashed line is the NLO 
pQCD result with Higgs mass 200 GeV. The solid line is for ^ of Higgs from string balls 
with string mass scale Mg equal to 1 TeV and Higgs mass equal to 120 GeV. It is clear that 



da 
dpT 

the standard model pQCD predictions for larger values of pr {pt > 100 GeV) of Higgs. We 

da 
dpT 



if the string mass scale is ~ TeV then of the Higgs via string ball decay is larger than 
observe that for larger values of pr, 4^ of Higgs from string balls does not sharply decrease 
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Total Cross Sections of Higgs Production From String Balls at LHC 
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FIG. 3: Total cross section for Higgs production at LHC from string balls and from direct pQCD 
processes at NNLO. 

with increasing pt, whereas in case of NLO pQCD processes it decreases rapidly. 

In Fig. 5 we present total Higgs production cross section from black holes at LHC and 
compare with the Higgs cross sections from NNLO pQCD processes. The dashed line is 
for Higgs production from black holes with string mass scale Mg = 1 TeV. We plot for 
comparison the NNLO Higgs cross section [34]. The solid line is for NNLO cross section. It 
is clear that if the string mass scale is ~ TeV then the total Higgs cross section from black 
holes is much larger than NNLO pQCD cross section and is not sensitive to the increase in 
Higgs mass. 

In Fig. 6 we present of Higgs production from black holes and compare them with the 
pQCD predictions of Higgs at NLO. Since the Higgs cross section from black holes decay 
is not sensitive to the Higgs mass (see Fig. 5) we have chosen the Higgs mass equal to 
120 GeV. We plot for comparison the NLO results for ^ of Higgs using pQCD 35|. The 
solid line is Higgs production from black holes with string mass scale Mg = 1 TeV. The 
dotted line is for Higgs production from NLO pQCD processes with =120 GeV. The 
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Distribution of Higgs From String Balls at LHC 
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FIG. 4: pt distribution of Higgs production at LHC from string balls and from direct pQCD 
processes at NLO. 

thin-solid line is for Higgs production from NLO pQCD processes with Mh =160 GeV and 
the dot-dot-dashed line is for Mh = 200 GeV respectively. It is clear that if the string mass 
scale is ~ TeV then the ^ of the Higgs from black holes at LHC is larger than the standard 
model pQCD predictions for larger values of pt [pt > 70 GeV). For larger values of px, the 
of Higgs from black holes increases with increasing px for pt up to ~ 250 GeV and then 
remains almost constant. On the other hand the ^ of Higgs from NLO pQCD processes 
decreases rapidly. In case of string balls, the ^ does not decrease sharply with increasing 
Pt (see Fig. 4). 

B. Higgs Decay at LHC 

The branching ratio of Higgs decay is a function of Higgs mass We present the 

results of invariant mass spectrum of diphoton and Pt distribution of 77 and ZZ pair from 
Higgs from string balls and black holes at LHC. We also compute diphoton cross section 
from Higgs decay from black holes and string balls at LHC. 
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Total Higgs Production Cross Sections From Black Holes at LHC 
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FIG. 5: Total Higgs cross sections at LHC from black holes and from direct pQCD processes at 
NNLO. 

1. pt Distribution of Diphoton and ZZ Pair From Higgs Decay at LHC 



In this section we present the results of ^ of diphoton and ZZ pair production from 
Higgs from string balls (black holes) and from Higgs in parton fusion processes at NLO. We 
also compare these with the of diphoton and ZZ pairs directly produced from parton 
fusion processes at LHC 54, l55|. For the diphoton channel we consider light Higgs with 



mass Mfj = 120 GeV and for ZZ decay channel we consider heavy Higgs with mass Mh = 
200 GeV. 

In Fig. 7 we present the results of of diphoton production from Higgs from black holes 
and make a comparison with the diphoton produced from Higgs from parton fusion processes 



at 



HC and with the ^ of diphoton produced directly from parton fusion processes at LHC 
54| . We have used the Higgs mass Mh = 120 GeV in our calculation for diphoton case. 
The dotted line is for diphoton from Higgs from black holes with string mass scale Mg = 
1 TeV. The dot-dashed line is for diphoton from Higgs where the Higgs is produced from 
parton fusion processes at LHC. The dashed line is for ^ of diphoton produced directly 
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P Distribution of Higgs Production From Blackholes at LHC 
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FIG. 6: pt distribution of Higgs production at LHC from black holes and from direct pQCD 
processes at NLO. 



from parton fusion processes at LHC 5^. It can be seen that if string mass scale is 



TeV then the ^ of diphoton production from Higgs from black holes is larger than ^ of 
diphotons produced from the standard model Higgs for pr > 70 GeV. Although the diphoton 



Pt distribution from direct parton fusion processes in 



54j | is not available at very high 



(~ 200 GeV - 500 GeV) at LHC, the trend in decrease of ^ of diphoton from direct QCD 
processes suggests that it may be less than diphotons from Higgs from black holes for very 
high Pt of diphotons {pt ~ 300 GeV) at LHC. 

Hence we find that -4^ of high pt (~ 300-500 GeV) diphotons from Higgs from black 



holes at LHC can be larger than ^ of diphotons from standard model Higgs and also can 
be larger than of diphotons from direct pQCD processes if the the string mass scale 
Ms ~ 1 TeV. We find that for larger values of pt, ^ of diphotons from Higgs from black 
holes increases with increasing pt for pt up to ~ 250 GeV and then remains constant. On 
the other hand ^ of diphotons from Higgs from NLO pQCD processes decreases rapidly. 
In Fig. 8 we present the results of ^ of diphoton production from Higgs from string 
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FIG. 7: Pt distribution of diphoton production from Higgs from black holes at LHC and from 
Higgs from parton fusion processes using pQCD at LHC. 



balls and make a comparison with the diphoton produced from Higgs from parton fusion 
processes at LHC and with of diphoton produced directly from parton fusion processes 
at LHC [54]. The dashed line is for diphoton from Higgs from string balls with string mass 
scale Ms = 1 TeV. The solid line is for diphoton from Higgs where the Higgs is produced 
from parton fusion processes at LHC. The dot-dashed line is for of diphotons produced 



dpT 



directly from parton fusion processes at LHC [54]. It can be seen that for px > 100 GeV, '^'^ 
of diphoton production from Higgs from string balls is larger than -j^ of diphotons produced 



from standard model Higgs if the string mass scale Mg ~ 1 TeV. Although ^ of diphotons 
from direct parton fusion processes in |5J] is not available at very high pj- (~ 200 GeV - 500 



GeV) at LHC, the trend in decrease of of diphoton from direct QCD processes suggests 



dp' 

that it may be less than ^ of diphotons from Higgs from string balls for pt of diphoton > 
300 GeV at LHC if M, ~1 TeV. 

Hence we find that ^ of high px (~ 300-500 GeV) diphoton from Higgs from string 
balls at LHC can be larger than of diphotons from standard model Higgs and also can 
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Distribution of Diphotons From Higgs From String Balls at LHC 
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FIG. 8: pt distribution of diphoton production from Higgs from string balls at LHC and from 
Higgs from parton fusion processes using pQCD at LHC 



be larger than of diphotons from direct parton fusion processes if the the string mass 
scale Ms ~ 1 TeV. We find that for larger values of pr, of diphotons from Higgs from 
string balls does not decrease sharply with increase in pt, whereas in case of NLO pQCD 
processes it decreases rapidly. On the other hand ^ of diphotons from Higgs from black 
holes increases with increasing pt (see Fig. 7). 

In Fig. 9 we present the results of of ZZ pairs produced from Higgs from black holes 
and make a comparison with the ZZ produced from Higgs from parton fusion processes at 
LHC and with ^ of ZZ pairs produced directly from parton fusion processes at LHC |55| . 
We have used the Higgs mass Mh = 200 GeV in our calculation for ZZ case. The dotted line 
is for ZZ from Higgs from black holes with string mass scale Mg = 1 TeV. The dot-dashed 
line is for ZZ from Higgs where the Higgs is produced from parton fusion processes at LHC. 
It can be seen that for px > 70 GeV the ^ of ZZ pairs produced from Higgs from black 
holes is larger than of ZZ pairs produced from the standard model Higgs and also is 
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p Distribution of ZZ From Higgs From Blackholes at LHC 
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FIG. 9: Pt distribution of ZZ pair production from Higgs from black holes at LHC and from Higgs 
from parton fusion processes using pQCD at LHC. 



larger than of ZZ pairs from direct parton fusion processes if the string mass scale Ms ~ 
1 TeV. 

Hence we find that ^ of ZZ pairs produced from Higgs from black holes at LHC can 
be larger than ^ of ZZ pairs produced from standard model Higgs and also can be larger 
than of ZZ pairs produced from direct parton fusion processes if the the string mass 
scale Ms ~ 1 TeV. We find that for larger values of pr, ^ of ZZ pairs produced from Higgs 
from black holes increases with increasing pt, whereas in case of NLO pQCD processes it 
decreases rapidly. 

In Fig. 10 we present the results of ^ of ZZ pairs produced from Higgs from string balls 
and make a comparison with the ZZ produced from Higgs from parton fusion processes at 
:.HC and with the ^ of ZZ pairs produced directly from parton fusion processes at LHC 
55| . We have used the Higgs mass Mh = 200 GeV in our calculation for the ZZ case. The 
dashed line is for ZZ from Higgs from string balls with string mass scale Mg = 1 TeV. The 
solid line is for ZZ from Higgs where the Higgs is produced from parton fusion processes 
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Distribution of ZZ From Higgs From String Balls at LHC 
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FIG. 10: pt distribution of ZZ pair production from Higgs from string balls at LHC and from 
Higgs from parton fusion processes using pQCD at LHC. 



at LHC. The dot-das hed line is the ^ of ZZ pairs produced directly from parton fusion 



processes at LHC 



55| . It can be seen that for > 100 GeV, ^ of ZZ pairs produced 



from Higgs from string balls is larger than of ZZ pairs produced from standard model 
Higgs and also is larger than ^ of ZZ pairs produced from direct parton fusion processes 
if the string mass scale Mg ~ 1 TeV. 

Hence we find that for px > 100 GeV, ^ of ZZ pairs produced from Higgs from string 
balls at LHC can be larger than ^ of ZZ pairs produced from standard model Higgs and 
also can be larger than ^ of ZZ pairs produced from direct parton fusion processes if the 



the string mass scale Ms ~ 1 TeV. We find that for larger values of px, of ZZ pairs 
from Higgs from string balls does not decrease sharply with increase in pt, whereas in case 
of NLO pQCD processes it decreases rapidly. On the other hand ^ of ZZ from Higgs from 
black holes increases with increasing pt (see Fig. 9). 



These results suggest that if string mass scale ~ TeV then of high pt diphotons 
and ZZ pairs can be used to distinguish between Higgs production from: 1) black holes, 2) 
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string balls and 3) parton fusion processes at CERN LHC. 



2. Invariant Mass Spectrum of Diphoton From Higgs Decay at LHC 



Invariant Mass Spectrum of Diphoton at LHC 



0.004 



0.003 



0.002 



0.001 



100 




FIG. 11: Invariant mass spectrum of diphoton from Higgs from string balls at LHC. 



In the mass range 110 < mn < 140 GeV the Higgs boson is expected to decay into two 
photons with a branching fraction large enough to render the search feasible at LHC jsil . 
For this reason we present our result of vs M^^ in the diphoton invariant mass range 
110 < M^^ < 140 GeV. Note that we have used the branching ratio of Higgs decay which 
is a function of Higgs mass . The applied transverse momentum cuts are from ATLAS 
48|, ISOj. For transverse momentum cuts at CMS, see 52[ |. 

In Fig. 11 we present ^j^— of diphoton from Higgs from string balls at LHC as a function of 
diphoton invariant mass with string mass scale Mg = 1 TeV. Similarly, in Fig. 12 we present 
of diphoton from Higgs from black holes at LHC as a function of diphoton invariant 
mass with string mass scale Ms=l TeV. For the corresponding results from background 
processes and from standard model Higgs, see 0, Our results suggest that ^j^— of 
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diphoton from Higgs from string balls and black holes at LHC does not decrease rapidly as 
the diphoton invariant mass M^^ increases. 

Invariant Mass Spectrum of Diphoton at LHC 




M^^(GeV) 



FIG. 12: Invariant mass spectrum of diphoton from Higgs from black holes at LHC. 



3. Diphoton Cross Section From Higgs Decay at LHC 

In table-I we present the results for diphoton cross sections at LHC from different signal 
(Mf/=120 GeV) and background processes. For applied transverse momentum cuts and 



diphoton mass window at ATLAS, see 50 1 



It can be seen from table-I that the diphoton cross section from Higgs from string balls 
at LHC is larger than that from standard model Higgs when string mass scale Ms=l TeV. 
It is also comparable to the diphoton cross section from background processes. The result is 
more striking from mini-black holes. For example, if string mass scale Ms=l TeV then the 
diphoton cross section from Higgs from black holes is larger than that from standard model 
Higgs plus background processes. 

Hence our results suggest that if string mass scale Mg is ~ TeV then black holes and 
string balls will have significant effects on Higgs search at LHC. 
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77 at LHC from: 


Cross Section (fb) 


Ms = 1 TeV 


Background processes 


562 [50] 




Standard model Higgs 


25.3 [50] 




Higgs from string balls 


110 




Higgs from black holes 


616 





TABLE I: Diphoton cross section from different signal (Higgs) and background processes at LHC. 
For transverse momentum cuts and diphoton invariant mass window, see [sj]. 

C. Current Experimental and Theoretical Constraints on Mg and Mp 



High energy colliders have set lower limits on the Planck mass Mp at various experi- 
ments. The current limits from LEP2, CDF (run II) and DO (run II) are as follows. The 
LEP2 analysis has set a lower limit on the Planck mass Mp™=1.69 TeV by using graviton 
production fsoj]. Search for large extra dimensions in the production of jets and missing 
transverse energy at CDF gives M^'"=0.83 TeV for n=6 to M^^''=1.18 TeV for n=2 0, 
where n is the number of extra dimensions. The search for large extra dimensions in fi- 
nal states containing one photon or jet and large missing transverse energy at CDF gives 



M^'"=0.94 TeV for n=6 to M, 



min_ 
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Dielectron and diphoton measure- 



1.4 TeV for n=2 

ments at DO gives Mf''=1.3 TeV for n=7 to A^^'^=2.1 TeV for n=2 [59(. Search for large 
extra dimensions va s,ngle photon pins .niss.ng energ,. at DO sets the limit Mr-0.778 

TeV for n=8 to M^'''=0.88A TeV for n=2 |60|. 

The expected limits on string mass scale, black hole mass and string ball mass at ATLAS 
and CMS detectors are as follows. With an integrated luminosity of lOOpb^^ at proton- 
proton collisions at y^=10 TeV at ATLAS one finds M™™ ~ 1 TeV ^]. The lower limit of 
string mass scale Mg may be very close to 1 TeV when the center of mass energy becomes 
y/s=14: TeV. A benchmark point for black hole was produced using the CHARYBIDS event 
generator 62]. When the luminosity is between fraction of pb~^ and a few fb~^ the black 
holes with Mp < 4 TeV and 2 < n < Q can be observed at the CMS detector [63]. Similarly, 
only a few pb^^ are needed to discover black holes with Mp=l TeV at ATLAS detector at 



LHC 



64|. 



Hence from the above current experimental and theoretical constraints we find that the 
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parameter regions found by us give sizable numbers of signal events still viable at LHC 



IV. CONCLUSIONS 

We have studied Higgs production and decay from TeV scale string balls and black holes 
in pp collisions at a/s = 14 TeV at LHC. We have presented the results of total cross section of 
diphotons, invariant mass distribution of the diphotons and pt distribution of the diphotons 
and ZZ pairs from Higgs from string balls and black holes at LHC. We have found that 
if string mass scale Mg ~ TeV then the total cross section of diphotons from Higgs from 
string balls is larger than that from standard model Higgs. The result is more striking for 
the case of black holes where the total cross section of diphotons from Higgs from black 
holes is larger than that from standard model Higgs plus background processes. We have 
found that the invariant mass distribution of the diphotons from Higgs from string balls and 
black holes is not very sensitive to the increase in diphoton invariant mass. We have also 
found that ^ of high px diphotons and ZZ pairs produced from Higgs from string balls 
and black holes is larger than that from standard model Higgs, and also from diphotons and 
ZZ pairs produced directly from parton fusion processes at LHC. We have observed that 
of diphotons and ZZ pairs from Higgs from black holes increases with increase in px, 
whereas from Higgs from string balls it does not decrease sharply with increase in pt, and 
from NLO pQCD Higgs it decreases rapidly. Hence the measurement of diphotons and ZZ 
pairs at LHC can be used to distinguish between Higgs production from: 1) black holes, 2) 
string balls and 3) parton fusion processes at CERN LHC. 

One might wonder if some of the parameters can be extracted. This can be done by 
obtaining the Planck mass from extra dimensions search at LHC from graviton exchange 
processes and/or fro m grav iton production processes in partonic collisions [65] at ATLAS 



and CMS detectors 
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69|. This procedure is not by using string 



Da 



but is similar to extra dimensions search at LEP \5& and Tevatron 



Is and black holes. 



57H60|. Once a value 



of the Planck mass is obtained from extra dimensions search at ATLAS and CMS detectors 



66 



-|69|. it can be used to study black holes and string balls at LHC. 
In order to look for new physics at LHC by using Higgs from string balls and black 
holes we may need to address the following questions. Imagine a signal of SB/BH Higgs 
production will be measured, what would we learn? About the nature of the Higgs? What 
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would not be known before already? Suppose we do not find Higgs from standard model 
processes at LHC but find it from string balls or black holes, then it may lead to study of 



Higgs mechanism in string theory 20|-|23l] and quantum gravity 
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271]. If the Higgs is from 



Higgs mechanism in string theory and/or quantum gravity then it will be associated with 
the geometrical understanding of the spontaneous symmetry breaking rather than with the 
electroweak symmetry breaking. The geometrical understanding of spontaneous symmetry 



breaking in string theory 



21| can serve the intuition in the search for realistic models 70l.l71|. 



In gravity, the geometrical understanding of spontaneous symmetry breaking 2J| can serve 



to look for gravitational grand unified theory or GraviGUTs [72|. Hence if we find Higgs 
from string balls and black holes at LHC then it will provide foundations for many new 
physics which would not be known before already. 

String balls (black holes) might also be produced in PbPb collisions with a larger rate 



15| . In this case there can be additional effects of quark-gluon plasma [73|] on the string 



ball (black hole) radiation 3lL l44|. 
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